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Flesch and Kun (1) have demonstrated that
Bennett's reagent, (1-/4-chloromercuri-phen-
ylazo/-naphtol-2) dissolved in amylacetate is
suitable for the quantitative determination of
sulfhydryl (—Sil) groups. Later Van Scott and
Flesch (2) used this reagent for the estimation of
disulfide (S—S) bonds reduced to —SH groups
in an alkali-cyanide medium. In the course of
previous experiments which we reported in
another paper, after hydrolysis with sodium
hydroxide solutions of varying concentration the
quantity of the S—S bonds reduced to —SH
groups was estimated with Bennett's reagent
dissolved in toluene. With this method the results
obtained in keratinized hair were satisfactory and
in good agreement with those reported in the
literature. A serious disadvantage of the reagent
dissolved in toluene is, however, that it is only
stable against neutral or acid media and not
stable against an alkaline one. Thus the material
to be examined must be acidified before the
determinations are carried out. Acidification on
the other hand, has the following disadvantages:
1.) If the reaction does not run down sufficiently
rapidly the sulfide ion which forms from amino
acids containing sulfur in an alkaline medium
evaporates as hydrogen sulfide. 2.) It is possible
that the S—S bonds reduced in alkaline medium
to —SR groups are partly reoxidised on the
action of the acidification. As a consequence of
either of these two circumstances the values
obtained may be lower than the real ones. These
circumstances induced us to attempt to find a
solvent with which the estimation may also be
carried out against an alkaline medium.
EXPERIMENTS AND RESULTS
Numerous organic solvents and their mixtures
respectively, were tested. After many efforts it
was established that if aniline is added to the
reagent dissolved in toluene an adequate solvent
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is obtained with which the determinations can
be carried out both in neutral and alkaline media.
30 mg of Bennett's reagent was dissolved in 500
ml distilled toluene. Generally the reagent dis-
solves within 24 hours at room temperature if the
solution is shaken a few times during this period.
This process may be accelerated by putting it for
15—30 minutes at 37°C into a thermostat. After
the reagent had dissolved 50 ml freshly distilled
aniline was added. If the reagent is only dis-
solved in toluene it can be kept for some weeks.
However, if the aniline has already been added,
it is advisable not to store it longer than 5 days.
The extinction of the reagent diluted to half of
its volume with toluene was 1.10—1.13. The regis-
tration was performed by means of a Puifrich
photometer using an S 50 ifiter. The reagent was
standardized against gluthathione (40—160 micro-
gram/mi) freshly dissolved in a sodium hydroxide
solution of 0.5 per cent.
Into 2-3 test-tubes 0.5-0.5 nil of each of the
samples, the glutathione solution and the alkaline
tissue hydrolysate, respectively, were poured
and then 2 ml of the reagent was added. Subse-
quently the test-tubes were shaken. In the case of
the standard glutathione solution mechanical
shaking for 15—20 minutes with an oscillation of
250 per minute is indispensable. On the other
hand, if alkaline hydrolysates are involved the
reaction between the reagent and the —Sn
groups is more rapid and shaking with the hand
for 3—4 minutes is also sufficient. After the shaking
the contents of 2-3 test-tubes deriving from the
same samples were poured together and allowed
to stand for a few minutes, after which the ex-
tinction of the reagents was recorded. The
decrease in the extinction of the reagent is pro-
portional to the —SR content of the material
examined. Centrifugation following the shaking—
as advised by Flesch and Kun (1)—was unneces-
sary in most cases.
The concentration of the final sodium hy-
droxide solution of the hydrolysates used for the
estimations of the mouse organs described below
was 0.5 per cent. Since then, however, numerous
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examinations have shown that the reaction can
also be carried out with higher concentrations
(even until 5 per cent) i.e. the reagent is still
stable against sodium hydroxide media the con-
centration of which exceeds 0.5 per cent. Finally
it may be stated that Bennett's reagent dissolved
in toluene is suitable for determination of —Sil
groups in neutral and acid media, whereas if the
reagent is dissolved in toluene-aniline it can be
applied in neutral and alkaline media. The fact—
also stressed by Flesch (1) in the case of amyl-
acetate—should still be emphasized that if
native proteins are involved in the —Sn reaction,
the effect exerted by the organic solvent on the
proteins must also be taken into account. Our
experiments were only accomplished with alkaline
hydrolysates, thus this possibility was far less
likely to ensue.
For the sake of completeness it should still be
mentioned that the use of 0.5 ml of the solution is
not indispensable; the reaction can also be carried
out with 0.25 mi—i ml.
In mouse organs examinations were performed
with Bennett's reagent dissolved in toluene-
aniline to establish the amount of the S—S
bonds reduced on the action of alkaline hydrolysis
to —511 groups. Actually these experiments in-
volve the common estimation of both the —SIT
and S—S groups, but considering that the
quantity of the latter is far more considerable—
i.e. the multiple of the former—it seems quite
reasonable to use the term S—S bonds. The
animals were killed by decapitation and their
organs put into glass vessels stored in a chilled
bath. The internal organs were freed from their
connective tissue and a piece—weighed on an
analytical balance—of 80—120 mg was introduced
without homogenization into a glass test-tube.
Then solutions with concentrations of 0.5, 3, and
6 per cent respectively, of sodium hydroxide were
added and the tubes kept for an hour on a boiling
water bath. The amount of the alkali was pro-
portional to that of the material to be examined,
if a solution of 0.5 per cent was used 0.5—1 ml/10
mg, hence in the case of a solution of 3 per cent
1 ml/60 mg, if the solution was 6 per cent 0.5
ml/60 mg was added. The hydrolysis was per-
formed in open tubes and the decrease of the
volumen due to evaporation was made up by
adding distilled water from time to time. After
the hydrolysis was completed the volumen was
made up adding a 0.5 per cent of a sodium hy-
droxide solution or distilled water, respectively,
so that the final concentration of the alkali
should amount to 0.5 per cent and that the
alkaline hydrolysate should contain 10 mg fresh
organ weight per ml. In the course of the alkaline
hydrolysis the organs dissolved.
The following data illustrate the —Sn values
obtained after the hydrolysis, i.e. the quantity of
the S—S bonds reduced during the hydrolysis to
—SH groups. The data represnt the average
values obtained at the examination of 5 animals,
the mean deviation concerning the same organs
of the animals is 12.5 per cent. The values are
expressed in terms of microgram cysteine 100 mg
fresh weight.
NaOH Conc. Cent
3Per 6Per
Liver
Kidney
Spleen
Lungs
Heart
270
240
65
—
170
380
320
260
390
160
380
310
370
400
160
The above data show that the liver, kidney and
spleen all contain S—S bonds which are reduced
only on the action of alkaline solution of higher
concentrations. Whereas in the case of the muscle
of the heart it seems that the bonds already open
at low concentrations of alkali. Concerning the
lungs the results cannot be evaluated as a part of
the tissues of the lungs—probably the bronchi—
do not dissolve on the action of sodium hydroxide
of a concentration of 0.5 per cent.
Finally two observations should still be men-
tioned which seem important: the one is that if
the pressure is raised during the hydrolysis (e.g.
hydrolysing in a closed tube system) only a small
quotient of the disulfide bonds is reduced. The
second relates to the acidified hydrolysates used
in the previous experiments and to the determina-
tions carried out in alkaline media of the present
work, respectively. In all organs the —SIT values
obtained in acidified alkaline hydrolysates were
lower than the results of the estimations per-
formed in alkaline media. It is interesting that
in the epidermis of healthy mice on the other
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hand, the results obtained were the same with
both methods. In keratinized hair identical re-
suits were rarer and in some cases the values
obtained in alkaline media when the reagent was
dissolved in toluene-aniline were lower. This
apparently paradox phenomenon can at the
present not be explained.
SUMMARY
Bennett's sulfhydryl reagent dissolved in a
toluene-aniline solution was found suitable for
the determination of —Sil groups in alkaline
media. This reagent was used for estimation of
disulfide bonds of organs of mice which had been
reduced to sulfhydryi groups in alkaline medium.
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